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Abstract 
Recently, both black and green tea are getting 
attention because of their positive health effects. The 
main origin for these effects stems from two 
compounds found in the tea, caffeine and L-theanine. 
Caffeine is related to attention, energy, motivation, 
self-confidence, alertness and concentration with 
L-theanine is related to relaxation.  In this study, 
we have used wearable functional Near-Infrared 
Spectroscopy device in monitoring neural activity 
through investigating absorption changes in total 
oxyhemoglobin (HbO) and focused on addressing 
changes in attention with consumption of green tea 
along with other drinks, water and lemon and milk 
teas.  A total of 6 Japanese undergraduate students 
(3 males and 3 females) participated in the study. 
Tasks included multiplication (M) and word 
generation (W) game in English. Subjects reported 
verbally the multiplication table for digits greater 
than 12 and were asked to generate word chain (10 
rounds) or 10 words beginning with an alphabet. It 
was found that during both the multiplication and 
word tasks, the relative decrease in total HbO was 
smaller for green tea in comparison to both control 
and other beverages for almost all the subjects. In 
conclusion, we suggest for the existence of a 
correlation between drink type and task performance 
that could have implications in not only in 
classrooms and could also form the basis of studying 
the cognitive effects of different drinks available in 
the market.  
Keywords: fNIRS; green tea; Hemoglobin; 
scattering, absorption, caffine, L-theanine, attention, 
cognitive task, brain imaging, language learning 
 
1.Introduction 
Tea is a widely drunk beverage all over the 
world and is considered to be the most 
consumed beverages all over the world. The 
consumption of black as well as green tea is on 
the rise with increasing awareness and interest 
toward the positive health effects of tea.  In 
particular, green tea is mostly taken in East Asia 
countries [1]. Health benefits such as reduction 
of blood cholesterol levels [2], cardiovascular 
[3] and cancer [4-5] have been reported.  Tea 
is also reported to have cognitive benefits such 
as increased clarity of mind, improved attention 
and better relaxation [6-7].  
   The main origin for these effects stems 
from two compounds found in the tea, caffeine 
and L-theanine could be found in the reviews 
[6-7].  A lot of research has also been done on 
the constituents such flavonoids, caffine and 
L-thelanine, catechin and their health benefits. 
Caffeine is related to attention, energy, 
motivation, self-confidence, alertness and 
concentration. On the other hand, L-theanine is 
related to relaxation.   Flavonoids have been 
associated with the prevention of cardiovascular 
disease, diabetes, depression, and 
neurodegenerative diseases.  On the other hand, 
caffeine and the amino acid L-theanine have an 
impact on brain activity and believed to enhance 
cognitive performance and psychological 
well-being [6-7].   
－45－
ウェアラブル機能イメージング装置を用いた緑茶摂取が及ぼす教育における認知課題のパフォーマンス調査－予備的研究 
Wearable functional imaging device in investigating the performance of cognitive tasks in education– a preliminary study 
Uma Maheswari Rajagopalan 
 
   
   
 
An average cup of tea contains around 40 mg 
of caffeine and it normally takes around 30 
minutes for the effects of caffeine to be detected 
[7].  Up to now there have been a few reports 
that use functional MRI [8] or EEG [9] to 
investigate the neural activity under the intake 
of tea.  One study suggests that after 1 hour of 
green and black tea consumption, alpha, theta, 
and beta wave activities were all found to 
increase [9]. Although, tea has been related to 
cognition [10-11], studies under near real-life 
situations that address the underlying neural 
activity upon consumption of tea has been very 
limited. 
To our knowledge, there exists few report 
related to the optical signal changes with respect 
to direct intake of tea during performing 
cognitive tasks and another one done on caffine 
[12] with near-infrared spectroscopy and to our 
knowledge, there has been no study that is 
conducted that uses optical signals to compare 
the effects of tea with implications in education. 
Further, with increasing availability of different 
drinks available in the market, it is worth 
conducting a study that addresses effects of 
different types of study in relation to education 
or attention research. 
 In this study, we proposed the use of 
monitoring neural activity through optical 
signals. The study focused on addressing 
changes in attention with the consumption of 
water, green tea, transparent sugared milk and 
lemon teas.  Here, attention is defined as a 
state of focused awareness on a set of 
perceptual information.  Without attention, 
brain cannot perform cognitive functions such 
as memory and reasoning. The hypothesis is 
that due to the presence of caffine and theanine, 
there could be increased attention requiring 
lesser changes in total hemoglobin changes and 
thus lesser load for the brain. Moreover, with 
increasing availability of different types of tea 
available in the market, the cognitive especially 
the attentional effects are not clear. 
  In order to test attention, we used 
cognitive tasks of reporting multiplication tables 
for a number greater than 12 and word 
generation tasks. During the tasks, the neural 
activity was measured by a wearable functional 
near infrared spectroscopy device.  We used a 
wearable device called HOT-1000 equipped 
with high-sensitive optical sensors without any 
optical fibers and no signal cables enabling the 
measurement of brain activity almost under near 
real-life situations. In section 2, we describe the 
materials and methods followed by results and 
discussion in section 3 with section 4 providing 
conclusions. 
 
2. Materials and Methods 
2.1 Subjects  
A total of six healthy subjects, three males 
and three females participated in the study and 
they were aged between 21and 22 and weighed 
(60 plus minus 5kg). Consents were obtained 
from all the subjects and approval for 
conducting the study was obtained from the 
ethics committee of Toyo university (Approval 
number: TU2017-007). They were given clear 
instructions about the motive of the experiments 
and anonymity of their personal information.  
All the subjects came for an initial session of 
explanation and a trial with the instrument with 
water as a drink was done and they were given 
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the option of withdrawing from the experiment 
if they had difficulty. All the participating 
subjects were asked to abstain from drinking 
any caffine containing drinks from prior night 
till the experiment to remove any latent effects.  
Also the subjects were scheduled to come once 
a week for a total of four times to try different 
drinks and perform the tasks.  Each time slot 
was arranged so that they could participate at 
the same time slot of their choice.  
 
2.2  HOT-1000, the fNIRS system and its 
Principle  
Under activation of brain, there is increase in 
the usage of oxygen that is delivered through 
blood.  In other words, the blood oxygenation 
level changes.  This happens through change 
of hemoglobin in the blood from 
oxy-hemoglobin to deoxy-hemoglobin.  Figure 
1 shows the absorption spectra of oxy and 
deoxy hemoglobin over a wider wavelength 
from 400 nm till 1000 nm [13].  At the 
wavelength of 810 nm, the measurement 
wavelength of HOT-1000, the absorption 
coefficients of oxy-hemoglobin is larger than 
that of deoxy-hemoglobin and this difference is 
made of use of in calculating the differential 
change due to neural activation [14]. 
A schematic of the principle of HOT-1000 
(NeU systems, Tokyo, Japan) is given in Figure 
2. The  
device uses a laser diode that emits 810 nm 
and measures the reflected light from the left and 
right frontal hemisphere at every 100ms along 
with the heartbeat. The device could be operated 
using the software provided by the manufacturer 
on an Android device with the communication 
done using Bluetooth (4.0LE). The 
measurements are taken by detectors positioned 
at two different lateral positions of 1 cm and 3 
cm from the light source and real-time scalp 
signal separation was done by the algorithm [15]. 
The output could be obtained as an excel file. 
The time stamps of events could be labelled 
using markers available in the software and there 
are a total of five markers available for the user 
to choose to acquire event related data. These are 
Figure 1. Molar extinction coefficients of 
oxy-/deoxy- Hb over a large spectral range. 
Data compiled by Prahl [13]. Figure 2. A photograph of Wearable Optical 
topography system (a) (NeU systems, Tokyo, Japan) 
with the real implementation (b) and the principle (c). 
(b) 
(c) 
(a) 
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stored in the excel file and time stamps of 
specific events could be easily obtained.  
Due to its user friendliness, the device can be 
easily implemented in more realistic situations.  
In the current study, this is the main reason for 
making use of the device and was implemented 
in almost near real-life conditions.  In our 
analysis, we have restricted ourselves to the data 
obtained from source–detector separated by 1cm 
of the left hemisphere. 
 
2.3 Task details 
The cognitive tasks followed the timing paradigm as 
shown below in Figure 3 with each resting period for 1 
minute.  The tasks involved were multiplication of 
digits greater than twelve and word generation starting 
with a particular alphabet or word chain game tasks. 
The subjects were asked to close their eyes and 
relax for a minute followed by orally reporting 
multiplication table for a number (>12, for 
example 15 from 1 to 16) that they heard from 
the experimenter. The subjects reported the 
multiplication table for one up to sixteen.  Next, 
they were told to report again orally 
multiplication for a smaller number (less than 
or equal to 3). This was followed by word 
generation task after a minute rest. Again after 
the word generation task, subjects were asked 
to report multiplication for digits less than or 
equal to three followed by one minute rest. This 
set of tasks were repeated before and after the 
intake of drink.  
  Four different kinds of drinks as shown in 
the Figure 3b were used. All drinks were from 
the same manufacturer and two of the teas, 
namely milk and lemon teas were transparent 
[16-18] with the respective caffine content in 
Appendix 1.  In order to study the effects of 
tea, 200 ml of drinks was used [9]. 
 
2.4 Session details 
The subjects were asked to come four times 
over a total of four days.  The first time was an 
explanation session and a demonstration on the 
usage of the device with water. On days 2 to 4, 
different drinks were taken by the subjects and 
data were acquired. At first, as control, for every 
session, pre-recording was done before taking 
any drink while the subjects perform cognitive 
tasks. Next, the subjects were asked to drink 200 
ml of the drink and then wait for around 30 min 
for the drink to take effect. Finally, recording 
was done again while the subjects perform the 
tasks.  During the waiting time, subjects were 
asked to watch a video of their own choice from 
a collection of videos that contained both 
documentary such as festivals of the world and 
feature films such as Harry potter series, Disney 
films and so on. The effect of videos on attention 
was found to be minimum. No change could be 
observed in the neural activity during 
performing cognitive tasks after watching video 
alone without any intake of a drink. Figure 3.  Protocol used in the experiment (a) along with photos of the different drinks 
(b) used in the experiment. 
(a) 
(b) 
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2. 5 Data analysis 
 Excel data obtained under different 
drinks and for different subjects were analyzed 
using Origin (2017 J 9.4.0.220).  Data 
corresponding to each of the temporal events as 
labelled by the markers were averaged by a 
smoothing filter of length 10 sec or 100 data 
points. Further, temporal variation was further 
averaged to calculate the histogram of change in 
total HbO for different drinks for each of the 
subject. Next, the histogram data obtained for 
different subjects were averaged across the 
subjects to find the mean variation in total 
HbO across subjects for each of the drinks, 
namely no drink, water, green tea, milk tea and 
lemon tea. A significant difference between 
the change in total HbO for different drinks 
was found with respect to that under control or 
no drink condition with p value less than 0.05. 
 
3. Results and Discussion 
In this report, changes in total HbO from 
left hemisphere were considered for attention 
related effects upon intake of different types of 
tea. A representative example for a trace of the 
change in total HbO obtained by HOT-1000 is 
given in Figure 4 (a), with red line from left 
and blue line from right hemispheres 
respectively.  Markers could be used  to 
indicate the different timings of the 
tasks such as rest or multiplication or word task 
and the marker positions were used to 
calculate the changes in the activity due to tasks 
under the intake of different teas. Figures 4 (b) 
and (c) show the variation under different tasks 
from two subjects under no drink condition. A 
local averaging filter of length 10 sec was used to 
smooth out the effects of respiration and 
heartbeat.  As could be seen from Fig. 4(b), 
under no drink condition, there is increase in 
total HbO indicating that there is less neural 
activity under rest. In contrast, during both the 
tasks, there is decrease in total HbO indicating 
that there is an increased neural activity 
requiring oxygen. A similar result could be 
obtained as shown for a different subject in 
Fig.4(c).  
Figure 5 shows the results obtained under the 
consumption of different drinks, namely water, 
green tea, milk tea and lemon tea from a single 
subject. As could be seen, there are clear 
differences in the variation depending on the 
type of drink and the task. 
Figure 4. A trace of raw data as obtained by HOT-1000 (a) 
along with the averaged variations of changes in total HbO 
under different tasks for no drink or control condition from 
two different subjects (b and c). Here R, M and W 
correspond respectively to rest under closed eye condition 
for a minute, multiplication and word tasks. The timing for 
the tasks were not set but the subjects reported 
multiplication for digits greater than 12 for numbers starting 
from 1 to 16 and the number of words were set to be ten. 
After each of these difficult tasks, subjects reported 
multiplication tables for smaller digits 1 or 2 or 3.  
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A similar tendency could be seen in other 
subjects too as shown in Figure 6. Calculating 
the average across each of the task windows and 
constructing a histogram, we can compare the 
Figure 5 Change in total HbO obtained under the consumption of different drinks namely, water, 
green tea, milk tea and lemon tea. Here R, M and W correspond respectively to rest under 
closed eye condition for a minute, multiplication and word tasks.  
Figure 6 Change in total HbO obtained under the consumption of different drinks namely, water, green tea, 
milk tea and lemon tea for a different subject. Here R, M and W correspond respectively to rest under closed 
eye condition for a minute, multiplication and word tasks. 
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effects of different teas.  Figures 7(a) and (b) 
show the histograms for different tea types with 
the red and green bars respectively indicating 
the variation for multiplication and word tasks. 
In   other words, green tea puts lesser load to 
the subject in performing both of the cognitive 
tasks or the subject because of increased 
attention subject is capable of performing the 
tasks with lesser deoxygenation or lesser blood 
volume changes and is shown for two different 
subjects.  Here, the histograms under different 
drink types are compared with the ones obtained 
under control or no drink condition. As for all 
the drinks, each time data was collected prior to 
the intake of the drink.  As can be seen, in the 
case of both the subjects, the histograms 
depending on the tasks as well as on the drink 
type differ.  Further,, although there are some 
differences between the subjects, in general, we 
could see some similar tendency depending on 
the drink types.   
First, comparing green tea with no drink or 
control, we can see that there is an increase; in 
total HbO change indicating lesser changes in 
the blood volume.  This is true for both the 
multiplication and word generation tasks. In 
other words, green tea puts lesser load to the 
subject in performing both of the cognitive tasks 
or the subject because of increased attention and 
is capable of performing the tasks with lesser 
deoxygenation or lesser blood volume changes. 
The same inference could be made when the 
histograms for lemon tea are compared with 
control for both of the cognitive tasks. Again, 
there is an increased change in total HbO for 
both the subjects thus requiring lesser 
deoxygenation or lesser neural activity. 
On the other hand, for milk tea and control, 
we can see that they show similar tendency with 
decrease in mean change of total HbO in both of 
the subjects and also for both types of tasks. 
This total HbO change indicating lesser changes 
in the blood volume.  This is true for both the 
multiplication and word generation tasks. In 
other words, green tea puts lesser load to the 
subject in performing both of the cognitive tasks. 
This implies that the subject because of 
increased attention, subject is capable of 
performing the tasks with lesser deoxygenation 
or lesser blood volume changes. 
The same inference could be made when the 
histograms for lemon tea are compared with 
control for both of the cognitive tasks. Again, 
there is an increased change in total HbO for 
both the subjects thus requiring lesser 
deoxygenation or lesser neural activity. 
Figure 7. Averaged across task windows for two male subjects under the consumption of different drinks.  
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On the other hand, for milk tea and control, 
we can see that they show similar tendency with 
decrease in mean change of total HbO in both of 
the subjects and also for both types of tasks. 
This in turn indicates larger changes in the 
blood volume for both the multiplication and 
word generation tasks thus putting more load to 
the subject in performing both of the cognitive 
tasks. In other words, the subject requires 
increased attention in performing the tasks with 
increased deoxygenation and hence increased 
blood volume changes.  
Finally, comparing water with the control, we 
can see some differences between the subjects 
depending on the task types. While for the word 
tasks, there is increase in the mean change of 
total HbO. But there is decrease in mean change 
of total HbO for the multiplication task.  In 
fact, we did see large differences in the 
versatility of the subjects with respect to 
performing multiplication tasks in comparison 
to word tasks or vice versa.   
Next, to generalize the effects of these 
changes, we calculated average of the 
histograms across the subjects as shown in 
Figure 8. Here, the error bars indicate the 
standard deviation and the red and green colors 
correspond respectively to the multiplication 
and the word tasks. Here, again comparing the 
histograms obtained under different drinks with 
that obtained under control, at first, an increase 
in mean change of total HbO could be seen as 
shown in the Figure 8 for individual subjects. 
Although the error bars are still large due to the 
smaller sample size. Moreover, a similar change 
or decrease in mean change of total HbO could 
be seen for milk tea. Further for water, there is 
decrease in mean change of total HbO for 
multiplication task and this tendency was found 
to be the same for lemon tea also. In contrast, 
there is increase in mean change of total HbO 
for both lemon tea and water 
4. Conclusions  
  In this study, we have used wearable 
functional Near-Infrared Spectroscopy device in 
monitoring neural activity through investigating 
absorption changes in total oxyhemoglobin 
(HbO) and focused on addressing changes in 
attention with consumption of green tea along 
with other drinks, water and lemon and milk 
teas.  Tasks included multiplication (M) and 
word generation (W) game in English. Subjects 
reported verbally the multiplication table for 
digits greater than 12 and were asked to 
generate word chain (10 rounds) or 10 words 
beginning with an alphabet. It was found that 
during both the multiplication and word tasks, 
the relative decrease in total HbO was smaller 
for green tea in comparison to both control and 
other beverages for almost all the subjects 
Figure 8. Average of histograms of mean change 
in total HbO calculated across all the subject under 
the intake of different drinks.  Again red and green 
bars correspond respectively to multiplication and 
word tasks.  
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suggesting for the existence of a correlation 
between drink type and task performance.  
Although, there are individual differences 
depending on the capabilities of the language or 
mathematical tasks, our results suggest 
depending on the type of drink intake, these 
differences could be enhanced.  Of all the 
drink types compared, we found that green tea 
was found to show increase in mean change of 
total HbO compared to other drinks.   
In the current study, the sample size is still 
small making it difficult to reach a definitive 
conclusion. Despite that, this preliminary study 
could be a stepping stone for investigating in 
depth into the implications of practical research 
in classroom based education research. It also 
provides a way to characterize the drink types 
available in the market on their cognitive 
functions, in this study the effects of different 
tea types.  
In education, so far to our knowledge, there is 
no application for directly linking of brain 
imaging technology to education research under 
the influence of beverages.  This study could 
provide hints in understanding attention and 
students’ performance through modulating 
students’ attention by for example green tea.  
Moreover, with different types of drink 
available in the market, this study could provide 
a direct way of investigating the effects of drink 
on a person’s cognitive skills improvement. We 
hope this study could also provide a tool for 
investigating the cognitive effects of different 
functional foods available in the market under 
different realistic situations and thus it could 
have implications not only in classrooms and 
could also form the basis of studying the 
cognitive effects of different drinks available in 
the market. 
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Appendix 1 – Suntory tea types with Caffine 
and other ingredients 
(https://products.suntory.co.jp/softdrink/ingre
dient.html?_ga=2.25572797.1870182044.15263
39660-365351104.1526339660) 
Tea 
type 
Caffine 
(mg/100ml) 
Theanine 
(mg/100ml) 
Cathecin 
(mg/100ml) 
Iemon 
Green 
tea 
10 7 35 
Lemon 
tea 
13 - - 
Milk 
tea 
20 - - 
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